Objective: In Alzheimer's disease, antipsychotic medications are often used for a period, with relief of symptoms, and then discontinued, after which relapse may occur. The authors sought to determine which neuropsychiatric symptoms predict relapse.
Method: In the Antipsychotic Discontinuation in Alzheimer's Disease trial, 180 patients with Alzheimer's disease and symptoms of agitation or psychosis were treated with risperidone for 16 weeks, after which patients who responded (N=110) were randomly assigned to continue risperidone for 32 weeks, to continue risperidone for 16 weeks followed by switch to placebo for 16 weeks, or to receive placebo for 32 weeks. As reported previously, discontinuation of risperidone was associated with a two-to fourfold increased risk of relapse over 16-32 weeks. In planned post hoc analyses, the authors examined associations between the 12 symptom domains in the Neuropsychiatric Inventory (NPI) and relapse in the first 16-week phase after randomization.
Results: Compared with patients with mild hallucinations or no hallucinations, patients with severe hallucinations as a presenting symptom at baseline had a higher likelihood of relapse (hazard ratio=2.96, 95% CI=1.52, 5.76). This effect was present for the subgroup with auditory hallucinations, but not the subgroup with visual hallucinations. Among patients with baseline hallucinations, 13 of 17 (76.5%) who discontinued risperidone relapsed, compared with 10 of 26 (38.5%) who continued risperidone (p,0.02). This group difference remained significant for severe (77.8%) compared with mild (36%) hallucinations. NPI domain scores after the initial open-treatment phase were not associated with relapse.
Conclusions:
Patients with severe baseline hallucinations were more likely to relapse after randomization, and the presence of baseline hallucinations was associated with a higher risk of relapse after discontinuation of risperidone compared with continued risperidone treatment. For patients with hallucinations, particularly auditory hallucinations, antipsychotic discontinuation should be approached cautiously because of high relapse risk.
AJP in Advance (doi: 10.1176/appi.ajp. 2016.16020226) Currently in the United States there are approximately 5 million individuals age 65 or older with Alzheimer's disease, and by the year 2050 the number will reach 13.8 million (1) . During the course of illness, the majority of patients with Alzheimer's disease suffer from behavioral disturbances (2, 3) , with a lifetime risk of nearly 100% for the occurrence of these symptoms (4) .
The U.S. Food and Drug Administration (FDA) has not approved antipsychotics for the treatment of agitation or psychosis in dementia or Alzheimer's disease, but some countries, such as Germany, have approved risperidone for this type of indication. Antipsychotics are nevertheless used off-label to treat agitation and psychosis in the United States, usually because of clinical need. Concern about antipsychotic toxicity has led to federal regulations that require discontinuation after a few months of antipsychotic treatment for patients in nursing homes (5) . Data are lacking on which types of neuropsychiatric symptoms increase the risk of relapse after discontinuation of antipsychotic treatment. In order for clinicians to make informed judgments about which patients can safely discontinue their antipsychotic medication and which patients need to continue treatment, it is important to identify which symptoms are associated with an increased likelihood of relapse after antipsychotic discontinuation. In our multicenter Antipsychotic Discontinuation in Alzheimer's Disease (ADAD) trial, patients who responded to risperidone over 16 weeks of open-label treatment showed a two-to fourfold higher risk of relapse 16 to 32 weeks after discontinuation of risperidone compared with continuation on risperidone (6) . In planned post hoc analyses from this ajp in Advance ajp.psychiatryonline.org 1 ARTICLES trial, we examined the associations between neuropsychiatric symptoms, both at study baseline and immediately after open risperidone treatment, and computed the likelihood of relapse after subsequent randomization to continuation risperidone treatment versus discontinuation to placebo.
METHOD

ADAD Study Design
The rationale, design, and methods of the ADAD trial have been published previously (6) . Briefly, to participate in the trial, outpatients or residents of assisted-living facilities or nursing homes had to meet the following inclusion criteria: DSM-IV criteria for dementia; National 16 , patients were identified as responders to treatment if they had at least a 30% reduction in the core NPI score (sum of agitationaggression, hallucinations, and delusions) and a score of 1 (very much improved) or 2 (much improved) on the change scale of the Clinical Global Impression of Change Scale (CGIC) assessing behavioral symptoms. At week 16, patients who responded to treatment in phase A were then randomly assigned to continue risperidone for 32 weeks, to continue risperidone for 16 weeks and then to receive placebo for 16 weeks, or to receive placebo for 32 weeks. In phase B, relapse was defined as an increase of at least 30% in the core NPI score or a 5-point increase in the core NPI score from the end of phase A open treatment and a score of 6 (much worse) or 7 (very much worse) on the CGIC at any study visit. Patients who met criteria for relapse immediately exited the protocol and received open treatment based on doctor's choice.
The Present Substudy
This substudy included all patients who responded to risperidone in phase A and underwent randomized treatment assignment at week 16. Of the 112 patients who responded to treatment in phase A, 110 underwent randomization at week 16 to enter phase B (Figure 1 ). Symptoms at initial presentation, prior to open-label treatment, are referred to as baseline symptoms. Results from baseline until the first 16 weeks after randomization were examined. The final 16 weeks (week 32 to week 48) were not analyzed for prediction of relapse because of the relatively small sample sizes.
Statistical Analysis
Statistical analyses were performed using SAS, version 9.3 (SAS Institute, Inc., Cary, N.C.). Only patients who underwent randomization were included, and analyses were conducted for all patients according to the intent-to-treat principle. NPI domains were evaluated at week 0 (baseline) and at week 16 (the time point of randomization) as potential predictors of relapse during the first 16 weeks after randomization (weeks 16-32 in the trial).
Each individual NPI domain was dichotomized as present or absent at week 0 and week 16 and compared for differences between relapsed and nonrelapsed groups using Fisher's exact test.
To examine clinically relevant relationships of the NPI domains in predicting relapse, the NPI domain scores were classified into three categories: 0 for not present, 1-6 for mild to moderate symptoms, and 7-12 for severe symptoms. This was done for all NPI domains at week 0 and at week 16.
Individual NPI domain scores at week 0 and week 16 were analyzed using SAS's PROC PHREG with the discrete method to address ties (10) . Stratified Cox proportional hazard regression analyses were conducted to evaluate the associations between NPI domain scores at week 0 and at week 16 and relapse between weeks 16 and 32. All analyses were conducted with the two stratification variables employed in the randomization: presence or absence of psychosis and residence in an assisted-living facility or nursing home versus living at home (6) . The Cox proportional hazard regression analysis was performed initially with dichotomized NPI domain scores and then for NPI domain scores classified into three groups, based on severity, at week 0 and at week 16. The twelve NPI domains were examined separately with treatment group and their interactions. The chi-square test was used to analyze the effect of treatment group on relapse. The proportional hazards assumption was evaluated by testing a nonzero slope in linear regression models of the Schoenfeld residuals as a function of event time. All models satisfied the assumption. Kaplan-Meier estimates of the risk of relapse were prepared for visual comparison.
RESULTS
As previously reported (6), in phase A open-label treatment with risperidone for 16 weeks (N=180), NPI scores declined significantly for all 12 domains except appetite. A total of 112 patients were responders, 110 of whom underwent randomization. Of these 110 patients, 32 were assigned to receive risperidone for 32 weeks, 38 to receive risperidone for 16 weeks and placebo for the following 16 weeks (for these two groups combined, N=70 on risperidone), and 40 to receive placebo for 32 weeks. In this subsample, the mean age was 79.97 years (SD=7.83), 60% were female, and 50.9% were residing in a nursing home or assisted living facility. The breakdown by race was 71.82% white, 19.09% African American, 8.18% Hispanic, and 0.91% other. After randomization, patients who discontinued risperidone to receive placebo were more likely to relapse (24/40, 60%) than patients who continued on risperidone (23/70, 33%) (p,0.001) (6) . Gender, race, and nursing home/outpatient status were not associated with relapse.
Baseline NPI Domain Scores and Prediction of Relapse
In the total randomized sample, in the stratified Cox models there was no significant association between any of the 12 baseline dichotomized NPI domain scores and time to relapse. Using the classification of absent, mild/moderate, and severe symptoms, the only NPI domain that was significantly associated with relapse at week 32 was hallucinations (p=0.005) ( Table 1 ). In the Cox regression analysis, severe hallucinations were significantly associated with an increased risk of relapse when compared with the group with no hallucinations (hazard ratio=2.70, 95% CI=1.19, 6.12, p,0.02) (Figure 2) . Auditory hallucinations showed a significant effect in predicting relapse (hazard ratio=2.36, 95% CI=1.18, 4.71, p,0.02). Visual hallucinations were not predictive of relapse. Fourteen of 18 patients with severe hallucinations had severe delusions, and these two variables were associated with each other (likelihood ratio x 2 =9.69, p,0.05). Adding delusions into the model did not alter the significance of severe hallucinations in predicting relapse. The additional covariates of MMSE score, number of cardiovascular risk factors, number of medications, and number of medications classified according to the Beers criteria, which cover medications with potential toxicity in older adults (11) , were included in the main analysis. None of these measures changed the significant effect of hallucinations in predicting relapse. Twenty-three patients were taking pain medications at baseline, and they were significantly less likely to relapse (p,0.02), but including the number of pain medications as a covariate did not alter the significant association between baseline hallucinations and risk of relapse. Forty-eight patients were on other psychotropic medications at baseline, and class of psychotropic medication was not associated with risk of relapse.
In additional analyses, a three-way contingency table was analyzed with the baseline hallucination domain and the variables of treatment and relapse during weeks 16 to 32. Among patients with baseline hallucinations, 13 of 17 (76.5%) a In phase B (combining all groups), in addition to patient relapse, subjects exited the study because of death (N=2), early discontinuation (N=10), unacceptable side effects (N=3), or other reasons (N=7). The final 16 weeks in the trial were not analyzed because of small sample sizes. The full CONSORT diagram has been published previously (6) . In stratified Cox models that examined the interaction between baseline symptom severity for each NPI domain and treatment group after randomization (risperidone continuation versus discontinuation) in the prediction of time to relapse, only irritability/lability was significant (x 2 =7.16, p,0.03). Among patients with severe irritability/lability at baseline, those who discontinued risperidone had a higher risk of relapse than those who continued risperidone treatment (hazard ratio=7.78, 95% CI=2.32, 26.07, p,0.01), while those with no irritability/lability or mild irritability/lability did not show a significantly increased risk of relapse (Table 2) . Few patients demonstrated severe lability/irritability at baseline ( 16 (after open treatment and before randomization), patients had improved markedly in symptoms of psychosis and agitation; for example, 15/110 patients had hallucinations, compared with 43/110 at baseline, and 50/110 patients had agitation, compared with 102/110 at baseline. The relapse rate in the 53 patients with baseline agitation who improved from baseline was 41.51%, while the relapse rate in the 49 patients who continued to have agitation at week 16 was 38.78%.
In the stratified Cox models, there was no significant interaction between any of the 12 prerandomization dichotomized NPI domain scores at week 16 and randomized group assignment (risperidone continuation or discontinuation) in the prediction of time to relapse, with the exception of delusions (x 2 =5.65, p,0.02) ( 
DISCUSSION
The majority of patients with hallucinations as a presenting symptom at baseline relapsed during the first 16 weeks after randomization. Severe hallucinations were associated with a threefold higher risk of relapse compared with mild or no hallucinations. Patients with severe hallucinations at baseline were more likely than the overall randomized sample to relapse, and the risk of relapse was higher for patients assigned to placebo compared with those assigned to continue risperidone treatment. Patients with auditory hallucinations at baseline, but not those with visual hallucinations at baseline, were more likely to relapse, indicating that if patients with severe auditory hallucinations respond to treatment with antipsychotics, discontinuation should be approached with caution, and close monitoring after discontinuation is advisable. It is unclear why auditory hallucinations and not visual hallucinations predicted relapse. One speculation is that illusions that can occur in patients with Alzheimer's disease were rated as visual hallucinations, and since illusions may not improve with antipsychotic treatment, the medication effect on visual hallucinations may have been diluted. Also, it is possible that some patients with Alzheimer's disease and visual hallucinations had Lewy body dementia, a condition associated with low antipsychotic tolerability. At week 16, remission of delusions was associated with a higher risk of relapse, suggesting that the persistence of delusions after treatment response is not an indicator of an increased risk of relapse. However, the number of patients with delusions at week 16 was small ( Table 2) . Absence of sleep problems at week 16 was associated with a lower likelihood of relapse between weeks 16 and 32, but the effect was marginally significant, and its clinical relevance is unclear because of the small number of patients with sleep problems who relapsed. Overall, the results suggest that the initial severity of symptoms, particularly the severity of hallucinations, rather than the residual severity of symptoms after treatment response, is important to consider when evaluating the potential risk of relapse after antipsychotic discontinuation.
There have been few previous efforts to evaluate individual symptoms in patients with Alzheimer's disease to predict treatment response to antipsychotics or to predict relapse after antipsychotic discontinuation. In the Dementia Antipsychotic Withdrawal Trial-Alzheimer's Disease (DART-AD) trial, in which discontinuation occurred after 3 months of antipsychotic treatment, patients with higher NPI scores (.14) worsened behaviorally and had worse outcomes when switched to placebo (12) . Among patients whose total NPI score was .14 at baseline, those in the placebo arm manifested more neuropsychiatric symptoms than did those in the antipsychotic treatment arm by 12 months of follow-up (13) . As previously reported in the ADAD trial, total NPI score did not predict future relapse (6) , and the present post hoc analyses indicate that presence of hallucinations at baseline specifically, rather than the total NPI score, was predictive of relapse. There are several hypothesized mechanisms for the occurrence of hallucinations in Alzheimer's disease, including receptor changes, denervation, dysregulation of image perception/production, and a combination of attention and processing disturbances (14) . One study used data from the Alzheimer's Disease Neuroimaging Initiative (ADNI) with brain MRI and fluorodeoxyglucose positron emission tomography (FDG-PET) and found that Alzheimer's patients with hallucinations had greater brain atrophy and more hypometabolism than did those without hallucinations (14) . The areas of structural change included the left superior frontal gyrus and the lingual gyri, with increased hallucination intensity associated with greater atrophy in the right precentral gyrus, right superior temporal gyrus, and left precuneus. Increased hallucination intensity was also associated with extensive hypometabolism on FDG-PET in the right frontal lobe, orbitofrontal region, and insula and in the left midcingulate gyrus. Alzheimer's patients with hallucinations had overlapping regions of focal atrophy and metabolic changes in the right anterior insula and inferior frontal gyrus (14) . These findings suggest that Alzheimer's patients with hallucinations have a wide neuronal network of dysfunction in brain regions involved in sensory processing, judgment, and attention (14) . We did not conduct functional brain imaging during the ADAD trial, and the magnitude and complexity of involvement of different brain regions in the prediction of relapse may need further investigation.
There were some limitations to this study. This was the largest prospective randomized controlled trial of antipsychotic discontinuation in Alzheimer's disease to date, but the size of the study sample decreased over time because patients who relapsed immediately exited the study, according to the study protocol. This is a difficult group of patients to enroll and treat in a research protocol, and other antipsychotic withdrawal trials with smaller samples have had higher dropout rates (15) . The study inclusion criteria led to nearly all patients having agitation/aggression at baseline, and as a result, the comparison group of patients without agitation/aggression was small. Therefore, the present/absent classification of NPI domains, particularly for agitation/aggression, became less useful in the prediction of relapse after antipsychotic withdrawal, and examination of severity of symptoms became more important. In the open-label treatment phase, the average dosage of risperidone was 0.97 mg/day, which is similar to the average dosage of 1 mg/day used in the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) study, in which dosing was also based on doctor's choice (16) . Nonetheless, we cannot rule out the possibility that dosing was lower or higher than optimal for each patient. We did not utilize a statistical correction for multiple comparisons, but the main finding of severe hallucinations at baseline predicting an increased risk of relapse would have survived a Bonferroni correction ( Table 2) .
Prediction of relapse after treatment response is clinically important because concerns about antipsychotic side effects and increased mortality have led to increased scrutiny of antipsychotic use and federal regulations designed to further decrease their use (5) . Antipsychotic discontinuation should be considered in many patients in order to decrease morbidity and mortality due to side effects, but it is important to recognize that many patients respond well to antipsychotics without problematic side effects, and maintaining these patients on antipsychotics may be advantageous (6) . In line with the goals of precision medicine, it is essential for clinicians to identify the patients who are likely to demonstrate an advantageous benefit-to-risk ratio with antipsychotic treatment. Our findings in this study indicate that the subgroup of patients with hallucinations is at a high risk of relapse after discontinuation of antipsychotic treatment. In patients with dementia and severe psychotic symptoms, particularly auditory hallucinations, subsequent discontinuation after treatment response, if attempted, should be accompanied by close monitoring for symptom recurrence. Antipsychotic medication may need to be promptly reinstated if relapse occurs.
